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ABSTRACT
Effect of Self-Interruption and External Interruption
on Error Detection

by

YAU Sze Yuen

Master of Philosophy

Knowledge workers are frequently bombarded with interruption and are
required to constant multitask. Previous observational studies found that frequent
interrupted activities cause more errors and induce feelings of stress and frustration.
Therefore, the aim of the current research is to investigate how interruption affects
error detection performance. Current error detection research focused on the
effectiveness of different checking methods. In this thesis, we concentrate on the
psychological mechanism of error detection. A series of experiments was carried out
to examine the effects of self-interruption (i.e. the pilot study and Study I) and
external interruption (Study II) on error detection performance respectively.
The pilot study and Study I focus on the effects of working memory (WM) load
and capacity. The pilot study employed a think-aloud technique to verify the
predictions on WM and self-interruption. The results suggest that low-capacity
individuals (LWMC) rehearsed more frequent than high-capacity individuals
(HWMC). In other words, LWMC have more self-initiated interruptions during the
primary error detection task. Study I was carried out to test the generated predictions
from the pilot study. A reliable interaction effect WM load × capacity was found:
LWMC performed significantly worse in higher WM load conditions; however,
HWMC’s performances were unaffected by higher WM load.
Study II focuses on the effect of interruption task types and position. There was
no difference between the different interruption task types proposed. However, a
significant main effect was found in interruption position: participants performed

significantly worse in terms of both error detection and resumption when they were
interrupted just before the actual field is displayed (i.e. between-fields interruption)
compared to when they can see what is in the field (i.e. within-field interruption).
The results are explained in terms of Salvucci and Taategen’s (2008) threaded
cognition. The concurrent execution of error detection and WM tasks in Study I is
interpreted as concurrent multitasking performance; whereas the sequential
execution of error detection and interrupting tasks is interpreted as sequential
multitasking.
The current study contributed to the understanding of error detection
performance by examining the roles of both self-interruption and external
interruption and extends the application boundary of threaded cognition to interpret
the effect of interruptions.
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CHAPTER 1 INTRODUCTION

1.1 Background

Human error is the one of the major causes of accidents in safety-critical
industry ranging from the familiar like health care (e.g. Kohn, Corrigan, &
Donaldson, 2000) to the less familiar like the oil industry (e.g. Gordon, 1998). A tiny
error such as mistyping a number or missing a decimal place is sufficient to ruin
statistical results in research domain (Barchard & Pace, 2011), cause failure in major
space missions(Stephenson et al., 1999), and even threaten a patient’s life (Kohn,
Corrigan, & Donaldson, 1999).

In general, error detection tasks are involved in situations that require data
verification. For example, checking the accuracy of data entry in scientific research
(Barchard & Pace, 2011) is one typical error detection task. In clinical settings,
verifying the medication distribution system's information (e.g. prepared medication)
with the medication administration record (e.g. doctor's prescription) is a daily
checking task (Biron, Lavoie‐Tremblay, et al., 2009). Checking helps to detect errors
and make corrections (Allwood, 1984; Reason, 1990). This is of paramount
importance in safety-critical domains such as health care (Henneman, Blank,
Gattasso, Williamson, & Henneman, 2006) and aviation (Hales & Pronovost, 2006;
1

Helmreich, 2000). One would hope that any error committed can be detected and
corrected before reaching a patient or a plane is severely damaged. This is evident in
that formal checking procedures (e.g. independent checking) are widely advocated as
a safeguard procedure in medication administration (Anderson &Webster, 2001;
Lane, Stanton, & Harrison, 2006) and flight operation (Grogan et al., 2004; Rochlin,
La Porte, & Roberts, 1987). Therefore, understanding error detection is a critical step
to improve overall safety.

Through observation and self-reports, it is well documented that knowledge
workers are frequently bombarded with interruptions and are required to multitask
constantly during checking task (Czerwinski, Horvitz, & Wilhite, 2004; RiveraRodriguez & Karsh, 2010; Speier, Valacich, & Vessey, 1997; Westbrook, Woods,
Rob, Dunsmuir, & Day, 2010). Through observation and self-reports from
experienced computer workers, Czerwinski et al. (2004) suggested that more than
half of interruptions are initiated by environmental cues, such as a new task (19%)
and telephone calls (14%). The remaining are self-initiated interruption (40%), such
as daydreaming. A person may switch between the current task and another activity
without apparent reason.
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Although not all interruptions have negative consequences (Atchley & Chan,
2011; Sasangohar, Donmez, Trbovich, & Easty, 2012), the majority of findings
suggest that interruptions lead to increased errors in procedural tasks (e.g. Gupta, Li,
& Sharda, 2013; Li, Blandford, Cairns, & Young, 2008), problem-solving (e.g.
Adamczyk & Bailey, 2004; Gabora & Saab, 2013) and decision-making (e.g.
Croskerry, 2013; Speier, Vessey, & Valacich, 2003). The general findings suggest
that interruptions have disruptive effects such as increased error rates (Li et al., 2008;
Westbrook, Woods, et al., 2010), difficulty in resuming original tasks (Mark, Voida,
& Cardello, 2012; Monk, Trafton, & Boehm-Davis, 2008; Westbrook, Coiera, et al.,
2010) and increased feelings of stress and frustration (Mark, Gudith, & Klocke,
2008).

Even if the physical work environment and work-related tasks have been
designed to minimize distraction, not all interruptions can be eliminated (Biron,
Loiselle, & Lavoie‐Tremblay, 2009; Tucker & Spear, 2006). Background noise and
others’ conversations nearby may distract one’s attention from the current task (e.g.
Banbury & Berry, 2005; Beyea, 2007; Healey, Primus, & Koutantji, 2007). Moreover,
there is no guarantee that the staffs do not have other things on their minds that
would distract them from their current tasks. In fact, based on an informal

3

interview1carried out by ourselves with a number of nursing staff in Hong Kong local
health care centers, it was reported that they were frequently interrupted by
themselves while having to focus on a medication verification task. For example,
they often have to remind themselves what to do next while focusing on verifying
prescribed medications before administering them.

Given the importance of error detection in safety-critical industry and the
prevalence of studying the effect of interruption, this thesis focuses on examining the
effect of self-interruption (interruption initiated by person himself) and external
interruption (interruption initiated by others or the environment) on error detection.

1.2Rationale for the Study

In error detection research, the psychology of error detection is not well
investigated, especially in empirical studies. Previous literature only focused on
describing the error detection performance by evaluating different checking
performance (e.g. Barchard & Verenikina, 2013; Boling et al., 2005; Horsley,
Dingwall, & Sampson, 2011). However, we are interested in the underlying
mechanism that affect one's error detection performance. We attempt to explain how

1

Four health care workers were interviewed informally. All of them were nurses and from
different health care centers.
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error detection performance is affected by individual differences and the environment.
The results may help to predict how people perform in error detection task under
different circumstances and hopefully can enhance the effectiveness of checking.

Existing empirical studies focus primarily on external interruptions, but the
effect of self-interruption is less investigated. According to Czerwinski (2004), 40%
of interruptions are self-initiated without any environmental trigger. The prevalence
of both self-interruption and external interruption are equally high. At the same time,
we believe that different sources of interruption (i.e. self or others) affect error
detection performance differently. Therefore, this thesis investigates selfinterruption
and external interruption separately.

For self-interruption, the existing methods for investigation are very much based
on observational data (Biron, Lavoie ‐ Tremblay, & Loiselle, 2009; Kalisch &
Aebersold, 2010; Mark, Gonzalez, & Harris, 2005), interview data (Al Ariss, Koall,
Ozbilgin, Suutari, & Crowley-Henry, 2012; Iqbal & Horvitz, 2007) and self-reports
(Dabbish, Mark, & González, 2011; Jin & Dabbish, 2009). However, these methods
undermine the reliability of the data collected. It is because there may be some
infrequent types of self-interruption that are hard to observe and record (Jin &
Dabbish, 2009). Moreover, no causal results can be drawn through observational
5

research. Therefore, in this thesis, we employed a think-aloud technique to gain
insights on selfinterruption in a pilot study and tested generated predictions in an
experimental setting.

For external interruption, the systemic classification of interrupting task types is
not well developed and discussed, except Lee and Duffy (2015). Lee and Duffy
attempted to classify interruption task types into cognitive task and motor task. An
example of cognitive task is mental arithmetic, which require cognitive resource such
as working memory to accomplish the task; whereas an example of motor task is
sentence copying, which requires manual effort without excessive mental resource.

The study concluded that cognitive interruption is more disruptive than motor
interruption regardless of primary task types. On the other hand, most of existing
studies describe an interrupting task primarily in terms of their task characteristics,
such as similarity (e.g. Ledoux & Gordon, 2006) and complexity (e.g. Hodgetts &
Jones, 2006). The current study intended to categorize different interrupting task types
by Rasmussen's taxonomy of different task performance (Rasmussen, 1983).

Existing studies on interruption position suggest that an interruption is more
disruptive when it is introduced at a point of higher mental workload (Adamczyk
6

&Bailey, 2004; Bailey & Konstan, 2006; Silveira, 1972). Typical classification
describes interruption position as between subtasks and within subtask. A primary
task could be decomposed into different individual tasks: an interruption introduced
before completion of an individual task is within subtask interruption whereas an
interruption introduced after completion of an individual task is between subtasks
interruption. However, this classification may not be fit perfectly with an error
detection task. We suggest decomposing an error checking task by an individual field
but not by trial (each trial contains many fields). Thus, we describe two interruption
positions: Within-field interruption (i.e. an interruption introduced when actual field
is displayed) and Between-fields interruption (i.e. just before people see what is in
the field).

Finally, extant interruption studies focus on the general performance of error
detection (i.e. overall error detection rate). There is limited investigation discussing
different undetected error types.

7

1.3 Research Objectives and Questions

The main objective of this thesis is to understand error detection performance by
examining the roles of self-interruption and external interruption. Both individual
differences and interruption properties are considered as the contributing factors to
self-interruption and external interruption. Thus, studies on self-interruption and
external interruption were set out to test the following research question:

1. What are the consequences of self-interruption and external interruption for
error detection performance?

Specifically, the study of self-interruption aims to introduce a new method to
interpret self-interruption, named think-aloud. The thought processes and behavioural
pattern are measured. We aim to interpret the managing style between a primary error
detection task and self-interruption and to interpret individual differences in
selfinterruption patterns further through analyzing recorded protocol. Thus, the
following research question is addressed:

2. How do individual differences influence the relationships between selfinterruption and error detection performance?
8

In understanding external interruption, this thesis suggests a potential
categorization of different interruption task types, while at the same time, redefining
different interruption positions in an error detection task (i.e. within a field and
between fields). A controlled experiment was set up to investigate the causal
relationship between external interruption and error detection performance, especially
in undetected error types. Therefore, the thesis addresses the following research
question:

3. How do interruption position and task type influence the relationship between
external interruption and error detection performance?

This study also adopts working memory (Baddeley, 1992) and threaded cognition
(Salvucci & Taatgen, 2008) as the theoretical framework to further interpret and
explain the underlying mechanism. This multitasking perspective not only offers a
new way to interpret the effects of self-interruption and external interruption but also
extends the application boundary of threaded cognition.

9

1.4Structure of the thesis

The thesis is divided into five chapters. Chapter 2 reviews the significant research
findings on error detection and interruption, which provides insights into the research
directions and affirms the importance of the current study. Chapters 3 and 4 are the
main bodies of the thesis that investigate the effects of self-interruption and external
interruption. Two studies are introduced in Chapter 3. A pilot study was set up to
investigate individuals’ thought processes and behavioural patterns underlying error
detection via the think-aloud technique. The preliminary result helped to generate
hypotheses about the relationship between individual differences and selfinterruption regarding error detection. Study I tested the generated predictions about
error detection performance. Chapter 4 investigates the effect of external interruption
with a controlled experimental study. Study II was set up to examine the effect of
external interruption in terms of interruption task type and interruption position. The
thesis concludes with implications and further direction in Chapter 5.

10

CHAPTER 2 LITERATURE REVIEW

2.1 Error Detection

Checking performance is affected by an individual’s mental workload (e.g.
Baethge & Rigotti, 2013; Kataoka, Sasaki, & Kanda, 2011; Miyaji, 2014; Ryu &
Myung, 2005; Yang, Yang, Cheng, Jou, & Chiou, 2012) and effectiveness of
checking strategies (e.g. Armitage, 2008; Barchard & Pace, 2011; Barchard &
Verenikina, 2013; Kozak, Krzanowski, Cichocka, & Hartley, 2015; Tu, Oladimeji,
Wiseman, Niezen, & Thimbleby, 2014).

High mental workload, such as dual task performance, causes attention
dispersion and poor quality of checking. Kataoka et al. (2011) conducted an actual
field study with nurses by observing and measuring their physiological responses (i.e.
visual fixation, heart rate and breathing frequency). The primary task was operating
an infusion pump and the secondary tasks were distractors in theenvironment, such as
conversations with another nurses. The study examined how nurses were affected
during primary infusion pump operation under the influence of time pressure and
multitasking which increased their mental workload. The checking performance was
significantly worse during the dual task performance for two reasons:first, the visual
11

fixation of primary task was significant less under time pressure that reduce the
quality of checking; and second, nurses’ attention of primary task were dispersed
under dual tasking that reduce the quality of checking.

Systematic checking, such as double entry, is an effective method to detect
errors committed and minimize errors introduced during the checking process.
Barchard and his colleagues performed a series of experiments examining the effect
of different strategies on data entry and data verification (Barchard & Pace, 2008,
2011; Barchard & Verenikina, 2013). It is concluded that double entry (i.e. the
checker enters the data twice and checks whether the first entry matches the second
entry with software, such as Excel) is significantly more effective than visual
checking (i.e. the checker compares the entries of different materials visually) and
reading aloud (i.e. one person reads the data out loud and the other one checks if the
entries match) in terms of high error detection rate.

2.2 Definition and Structure of Interruption

An interruption is defined as an (or more than one) extraneous event that diverts
one’s attention from the current activity. One typical example is receiving a phone
call when a person is paying attention to his or her current work. The current work is
12

the ongoing task, named primary task, which should occupy one’s attention and
resources in order to achieve the corresponding task’s goal, whereas the phone call
serves as an interruptive task, usually described as secondary task, which diverts
one’s attention from the primary task.

Trafton, Altmann, Brock and Mintz (2003) identified four critical events in
describing an interruption, as shown in Figure 1.

Figure 1: Timeline of an interruption (adapted from J. Gregory Trafton et al., 2003)

Before an individual starts interacting with an interrupting task, an alert presented
could draw one’s attention to the upcoming event. An alert could provide necessary
information, such as urgency, which helps individuals to decide when and how to
respond to the interruption (Altmann & Trafton, 2004). An individual may finish the
current work or jot down notes on the processes of the present work which is helpful
13

for resumption. In the phone ringing example mentioned, answering a phone call is
classified as the interrupting task whereas a phone ringing is an alert of the pending
interruption. The other three events are the start of the interrupting task, followed by
the end of the interrupting task and primary task resumption.

Interruption lag refers to the time taken between the alert and the actual start of
the secondary task. An interruption lag is especially useful for encoding the
suspended primary task information including the task’s goal and relevant details
such as interrupted position. A number of empirical studies have suggested that an
alert is beneficial to the resumption of the primary task (Adamczyk & Bailey, 2004;
Altmann & Trafton, 2007). It is well documented that insufficient interruption lag
results in disruptive primary task performance (McFarlane & Latorella, 2002; J.
Gregory Trafton et al., 2003).

Resumption lag refers to the time between the end of the interrupting task and
the resumption of the primary task. Time is taken to recall the interrupted task
through an individual’s memory or physical cues (e.g. writing a note), and the
position being interrupted. The resumption lag is an important indicator of
interpreting the interruption effect in determining the effects of interruption (Altmann
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& Trafton, 2004; Brumby, Cox, Back, & Gould, 2013; Grundgeiger, Sanderson,
MacDougall, & Venkatesh, 2010; J. Gregory Trafton et al., 2003). Long resumption
lag indicates that an individual needs more time and efforts to resume the primary
task after an interruption. However, if a person intentionally spends more time on
recalling or planning the primary task after interruption, performance in terms of
resumption position and execution of primary task is increased (Brumby et al., 2013).

2.3 Sources of Interruption

Interruption comes from different sources. This thesis classifies interruptions
into either self-interruption (i.e. initiated by person himself) or external interruption
(i.e. initiated by environmental triggers). Daily examples of self-interruption include
taking a break during newspaper reading. Jin and Dabbish (2009) classified selfinterruption into seven categories: Adjustment (i.e. changing the existing
environment to maximize performance of the primary task), Break (temporarily
switching to reduce frustration and fatigue), Inquiry (searching for information in
relation to the primary task), Recollection (remembering an unrelated task suddenly),
Routine (habitual behaviour), Trigger (receiving information that relates to the
primary task) and Wait (performing another task to fill in the waiting time of the
primary task). Other classifications suggest that self-interruption includes taking self15

initiated breaks (e.g. breaks), daydreaming (e.g. waiting), having spontaneous or
instructive thoughts (e.g. recollection), and thinking about something else due to an
environmental trigger (e.g. trigger). These are similar to Jin and Dabbish’s findings
(Antrobus, Singer, & Greenberg, 1966; Beeftink, Van Eerde, & Rutte, 2008).

On the other hand, an interruption initiated by another person or the
environment is an external interruption. Typical examples include receiving phone
calls while reading a book and receiving an email while doing an online search. The
taxonomy of external interruption is not well established, except Lee and Duffy’s
(2015) classification of cognitive interruption and motor interruption. However, there
are numerous observational studies in particular work domains, such as healthcare
(Palese, Sartor, Costaperaria, & Bresadola, 2009; Rivera-Rodriguez & Karsh, 2010)
and aviation (Helmreich, 2000; McFarlane, 1997). The classification of interruption
is specific work areas has been identified with respects to their job natures.

2.4 Observational Studies of Interruption Incidence and Consequences

Previous literature suggests that knowledge workers are frequently distracted by
interruptions and distractions (Czerwinski et al., 2004; Rivera-Rodriguez & Karsh,
2010; Speier et al., 1997; Westbrook, Woods, et al., 2010).
16

In the healthcare industry, medication administration has been identified as the
most interrupted activity among all nurse care practices (Hedberg & Larsson, 2004).
Biron, Lavoie-Tremblay and Loiselle (2009) reported that 53.9% of medication
administration processes, including the preparation phase and administration phase,
are interrupted at least once in their 102 observations. Interruption comes from
different sources. Communications with nurse colleagues, such as obtaining updated
details of patients (29.3%), solving system failures such as searching for missing
equipment (26.8%) and care coordination such as reporting patients' current situation
(24.4%) are the most frequent interruptions during the preparation phase (Biron,
Lavoie ‐ Tremblay, et al., 2009). Interruptions not only affect time spent − 60%
increases in medication administration errors were found when nurses were
interrupted in the preparation phase (Biron, 2010). Therefore, it is important to
understand how interruptions affect performance and what kind of interruptions are
more disruptive.

17

2.5 Experimental Research on Interruption

Interruption has been studied empirically since the 1920s. Zeigarnik (1927)
carried out a serious of experiments examining the effect of interruption on recall.
The primary task were ranging from simple manual work such as stringing beads, to
a complex cognitive task such as solving the puzzle. Participants were interrupted to
estimating their performance time. The main finding is that people would recall
interrupted tasks better compared to non-interrupted task if there were allow to
interact with both primary task and the secondary task at the same, and it is named as
Zeigarnik effect.

Zeigarnik’s investigation on the interruption was on their effects on primary
performance. However, the results also provided insights on how easily people can
resume to primary task from an interruption. Gillie and Broadhent (1989) conducted
a serious of experimental studies to investigate the effect of interruption in terms of
resumption lag. The primary task was a computer-based adventure game, and the
secondary task was a 30 s mental arithmetic task. The results suggest that the
similarity and complexity of an interruption play an important role to determine
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whether an interruption in disruptive or not. An interruption is disturbing when it is
similar to primary task and cognitive demanding.
The general findings suggest that interruption can lead to increased errors in
procedural tasks (Li et al., 2008; Li et al., 2006; Magrabi, Li, Day, & Coiera, 2010; J
Gregory Trafton, Altmann, & Ratwani, 2011), problem solving (Hodgetts & Jones,
2006; B. C. Lee & Duffy, 2015; Morgan & Patrick, 2013) and decision making
(Speier, Valacich, & Vessey, 1999; Speier et al., 2003; Tam & Ho, 2006)

Li et al. (2012) conducted a systematic review of 63 experimental studies, and
12 experimental variables were identified. They are interruption position, interruption
handling strategies, interruption similarity, interruption modality, working memory
load, practice or experience, prior knowledge of interruption, interruption duration,
interruption complexity, primary task complexity and cue availability. These findings
support that both individual differences and tasks’ (including primary task and
interruption) characteristics are critical to understand the effect of an interruption.
The review also concluded that the interruption effects have to determine by a
complex set of variables instead of a single factor.

We identified three variables that are the most relevant variables in our study.
They are working memory load, interruption task types, and interruption position.
19

Working memory load
Several studies have shown that high working memory load increased time for
resumption (e.g. Altmann & Trafton, 2004; Foroughi, Werner, Nelson, &
BoehmDavis, 2014; Werner et al., 2011) and decreased primary task performance
(e.g. Baddeley, Chincotta, & Adlam, 2001; Foroughi et al., 2014; Paas, Tuovinen,
Tabbers, & Van Gerven, 2003). Working memory as demanded by a task can be, for
example, the amount of information to be remembered, the presence of distraction
and the difficulty of the task itself. One of the studies also addresses the role of
individual differences in working memory. The finding suggests that people with
higher working memory capacity resumes faster than those with low working
memory capacity (Werner et al., 2011)

Interruption task type
Limited research has addressed the effect of interruption task types, except Lee
and Duffy (2015). The task types were classified as cognitive task and motor task. An
arithmetic solving was selected as the cognitive task and sentence copying was
selected as the motor task. Results suggest that cognitive interruption is more
disruptive than a motor interruption.
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The remaining literature tried to examine the effect of interruption task type
differentiates tasks with respects to their task characteristics, such cognitive load.
One of the most researched classifications focuses on mental workload (e.g. Backs &
Walrath, 1992; Brumby et al., 2013; Hertzum & Holmegaard, 2013). Others
classifications are based on task difficulty of an interruption task (e.g. Adler &
Benbunan-Fich, 2014; Bailey & Konstan, 2006) and the similarity between primary
task and the interruption task (e.g. Gould, Brumby, & Cox, 2013; Ledoux & Gordon,
2006).

Interruption position
A number of empirical research projects have reported that an interruption is
more disruptive when a person is interrupted at a point of higher cognitive demand
compared to lower cognitive demand (Adamczyk & Bailey, 2004; Hodgetts & Jones,
2005; Li et al., 2012; Monk, Boehm-Davis, Mason, & Trafton, 2004). The best
moment, which the interruption effect is the least disruptive, of an interruption is
after completion of an individual task, and the new individual task is not started yet.
Adamczyk and Bailey (2004) investigated the effect of different interruption
moments with a computer-based design using an edition task, an auditory media task
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and a web-searching task as the primary tasks, and news title selection task as the
interruptive task. They argued that the best interruption timing is between two coarse
breakpoints, and the worst interruption timing is within a fine breakpoint. Coarse
breakpoints contain the representation of a stimuli's interpretation and corresponding
actions, whereas fine breakpoints refer to every precise action. Take editing a
document as an example: the coarse point represents the processes of identifying the
sentence to be edited but not started yet, and the fine point refers to the edition of the
sentence. The results found that the disruptive interruptive effect (i.e. psychological
distress and mental effort) was minimized in their predicted best interruption timing
in all three types of primary tasks.

2.6 Summary of Interruption Literature

To sum up, both primary task primary task performance and resumption lag
are critical in determining the effects of interruption. A disruptive interruption would
result in poorer primary task performance and longer resumption lag.

Previous work on self-interruption mostly based on observations or selfreports. An empirical work has done on “break”, a particular type of self-interruption
(Beeftink et al., 2008). In the current thesis, we aim to design an experimental setup
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to mimic the description of recollection, another type of self-interruption. On the
methodology level, we aim to introduce think-aloud method as a new way to
understanding self-interruption.

Different interrupting task types have been identified in particular work areas.
However, there is a lack of a distinct classification to describe an interruption.
Although Lee and Duffy (2015) introduced a framework to classify interruption as
cognitive task and motor task. Their classification would not describe all interruption
in our daily life. However, they had suggested another classification in terms of
Rasmussen’s taxonomy of task performance that were widely cited in HCI. In this
thesis, we have adopted Skill-based and Knowledge-based performance, two of
Rasmussen’s taxonomy of task performance and tried to investigate the effect of
interruption task types.

Interruption position has been studied widely in a previous investigation.
Interruption position, being one the most research variables, is described as “between
subtasks” and “within a subtask” usually. However, this classification may be able to
apply to simple error detection task. Therefore, we tried take a redefine two
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interruption position with references to the ideas of “between subtasks” and “within a
subtask”.
2.7 Theoretical Framework - Threaded cognition

Threaded cognition is a process account of multitasking behaviour; it proposes
that each cognitive operation/task goal is an individual “thread” and how these
threads run simultaneously or interleave with each other is the key to multitasking.
Concurrent multitasking refers to performing more than one task at a time, such as
walking while listening to music at the same time, whereas sequential multitasking
refers to performing more than one task one after the other, such as writing a paper
and composing an email to a co-author to discuss the paper. The two tasks have to be
carried out sequentially. Threaded cognition states that the cognitive system creates a
problem state to store critical transitional information for achieving a task’s goal.
Problem state is a resource that maintains temporary information, which is not
accessible from the external world, for processing. Take a mathematical calculation
as an example. If we are going to solve the equation “2x – 6 = 0”, we will create a
problem state to hold a transition information “2x = 6” in our mind, and then solve x
(i.e. x = 3). A problem state will be created at the beginning of a task, and transitional
information will be stored in our working memory. As only one problem state can be
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utilized at the same time, the maintenance of a present problem state will be
disrupted if a person has to perform a concurrent task.

The theory proposes that resources, chunks (declarative memory) and
productions (procedural knowledge) work together according to a number of
principles. We describe the resources and principles that are most relevant to our
study here: interference, resource exclusivity principle, procedural resource and
resource usage principle.

Only one thread can access the problem state at any one time; when two or more
threads need to create and maintain distinct problem states, interference may occur
which could hamper multitasking performance. Threaded cognition proposes that the
execution of threads depends on sharing of available resources. The exclusivity
principle states that every resource can only be used by one thread. The priority and
timing of usage are governed by the procedural resource. This determines whether
different threads can run simultaneously to achieve parallel time-sharing or
sequentially to achieve less perfect time-sharing. The resource usage principle states
that the most urgent thread gets to be processed, and urgency is defined as the least
recently processed.
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In Study I, participants were required remembered a number of food items
during primary detection task. The experimental task design in the current study
mimics the concurrent multitasking description. Both the primary task and additional
task shared the same perceptual resource (i.e. visual) but the tasks’ goals were not the
same. The limited cognitive resource is then shared to maintain the two tasks’ goals:
error detection (i.e. primary detection task) and self-rehearsal (i.e. additional WM
load task). When the total load of both tasks exceeds one’s capacity, performance in
either the primary or secondary or both tasks will be compromised because the
transitional information is lost.

In Study II, participants were interrupted by a 90s interruption during the
primary detection task. The experimental task design in this study mimics the
sequential multitasking description. The interruption position needed to maintain in
problem state resource for resumption after an interruption. However, the location is
lost if the interruption requires problem state resources. Problem state interference
occurs which leads to poorer resumption and errors.
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CHAPTER 3 STUDIES ON SELF-INTERRUPTION (STUDY I)

Previous literature suggests that nearly half of interruptions are self-initiated
(Czerwinski et al., 2004). However, only a limited causal relationship can be
discerned from existing observational studies, especially the psychological
mechanism. We conceptualize working memory (WM) as a critical cognitive
component in selfinterruption. It is well documented that the mental workload is the
leading cause of poor error detection (Holden et al., 2010). Despite WM being one of
the most researched psychological processes, its effects have been overlooked by
error detection research. Therefore, two studies (a pilot study and Study I) were
carried out to investigate the effects of WM load and capacity on error detection
performance.

3.1Aims of the studies

The pilot study aimed to collect data on participants’ mental processes and
behavioural patterns in detecting errors using the think aloud method. The results
helped to generate predictions of individual differences in WM regarding
selfinterruption pattern.
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The aim of Study I was two-fold: firstly it aimed to investigate the effects of
WM load and capacity on error detection performance. Secondly it aimed to interpret
selfinterruption from a multitasking perspective by employing a multitasking theory,
namely, threaded cognition (Salvucci & Taatgen, 2008).

3.2Theoretical Formulation and Hypotheses

Working memory provides a workplace for maintaining and manipulating
temporary information. WM is a limited resource and is competed for by both
processing and storage tasks (Baddeley, 1992). The processing component handles
manipulating and transforming information; any final products, as well as
intermediate results, are maintained in the storage component (Just & Carpenter,
1992). WM resources, as demanded by a task can be, for example, the amount of
information that needs to be processed and the amount of temporal information that
needs to be stored.

If a task’s demand exceeds one’s capacity, it may not be possible to maintain
the information stored in WM. A person may need to keep rehearsing for
consolidating the temporal information. Therefore, a small-scale pilot study was
carried out using the think-aloud technique to test the following predictions in
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relation to error detection performance to understand participants’ thought processes
and what types of error were detected or not during the error detection task.

Hypothesis 1: Participants, regardless of WM capacity, will perform more rehearsal
during a primary task under high-load conditions compared to the mid-load
conditions. This prediction is based on more rehearsal being required to consolidate
one’s temporal storage when there is increasing WM load.

Hypothesis 2: Low-capacity group will rehearse more under both mid- and high-load
conditions when compared to a relatively high-capacity group. This prediction is
based on low WM capacity individuals having fewer resources and requiring more
rehearsal to consolidate their temporal information.

The relationship between self-interruption and WM (i.e. hypotheses 1 & 2) was
tested in the pilot study. Furthermore, Study I was set up to investigate the effects of
WM load and capacity using a simple verification task.

In this study, we used threaded cognition (Salvucci & Taatgen, 2008) as our
theoretical framework to interpret WM demands. Threaded cognition’s explanation
of self-interruption is limited in this stage, therefore, we identified a number of
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components that are important to interpret WM when adopting threaded cognition.
First, the notion of problem state, as proposed by threaded cognition, is similar to the
temporary cognitive workspace of WM. Second, we see the notions of problem state
resource and interference having operational similarities to how WM constrains task
performance: the higher the interference the worse the multitasking performance; the
more WM is stretched to its limit, the worse the task performance. Third, we interpret
the resource usage principle as a constraint similar to the notion of WM capacity;
threaded cognition further specifies under the resource usage principle that threads
may define their urgency using an augmented scheme and, as a result, threads that
have less urgency run less frequently, leaving more resources for other threads. We
interpret this augmented resource usage scheme as similar to high WM capacity that
allows for more processing resources.

Although the information that needs to be cross-checked is located in the
external environment, the verification process requires looking back and forth
between different informational sources while holding encoded information
temporarily in WM; in threaded cognition terms, problem states would be created to
maintain such information. The problem state resource is further competed for by the
mental effort spent on remembering what needs to be done next (the secondary

30

task).Therefore, the problem state resource has to be shared not just with the primary
task but also with the secondary task.

Our experimental task design mimics concurrent multitasking: participants were
required to perform a simple data verification task while holding a list of toberemembered items (the secondary task). They had to self-interrupt during the
primary detection task if they needed rehearsal of the food items. The rehearsal acts
as a selfinterruption; the timing, frequency and length are determined by person
himself or herself. Based on the multitasking perspective offered by threaded
cognition, the following predictions are made:

Hypothesis 3 Participants, regardless of WM capacity, will have poorest error
detection under high-load conditions followed by mid-load then no-load conditions.
This prediction is based on the notion that more interference would occur, between
the primary and secondary tasks, when there is increasing WM load, resulting in
more deleterious performance.

Hypothesis 4. LWMC will have poorer error detection under both mid- and high-load
conditions when compared to no-load condition. This prediction is based on the
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resource usage principle that low WM capacity individuals have a limited resource
usage scheme and will perform worse under higher conditions.

Hypothesis 5 HWMC will have poorer error detection only under high-load
conditions when compared to mid-load and no-load conditions. This prediction is
based on the resource usage principle that HWMC have an augmented resource
usage scheme and can still perform well under moderately high load conditions but
not under very high load conditions.

The effect of WM load and capacities on error detection (i.e. hypotheses 3, 4 & 5)
were tested in Study I.

3.3Pilot study

3.3.1 Participants

Twelve students (6 males and 6 females) took part at Lingnan University in this
study. The research was approved by the Lingnan Ethics Committee and informed
consent was obtained from each of the participants. Each participant was paid
HKD80 for their participation.
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3.3.2 Materials

Primary Error Detection Task
A simple paper-based error detection task was designed as the primary task.
Participants underwent a fictional quality control task in food ordering in which they
were required to check the accuracy of information between two lists – an overall
customer order list and a delivery form (Figure 2). The overall customer order list
and the delivery form were deliberately designed to be different to mimic our
consulted nurses’ medication verification task (e.g. the formats of a doctors’
prescription and the label of a medicine are not the same). The objective of the task
was to check all the information on a delivery form against the information on the
overall customer order list (which contains the correct information for all orders).
Any discrepancy identified in the delivery form is an error and needs to be corrected.

Figure 2: Delivery form (left) and overall customer order list (right). Each delivery
form corresponds to one of the entries in the overall order list. In this example, two
errors are inserted in the delivery form: typo “Celina” instead of “Celine” and “2 ×
Big Mac” which is not in the overall customer order.
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In each trial, participants were given 16 delivery forms to verify. Errors were
inserted into the delivery forms randomly, and error rates were set to 25% or 37.5%
based on previous studies on error detection (Schell, Woodruff, Brandon Corbin, &
Melton, 2005). Performance was measured based on the error detection rate:

Secondary Memory Task
An additional memory task was used as the secondary task under mid-load and
high-load conditions. Participants were asked to memorize a number of items during
the primary task and self-interrupt for rehearsal. This experimental design was set up
to mimic recollection self-interruption (i.e. suddenly remembered to perform another
task), one of seven self-interruption categories according to Jin and Dabbish (2009).
Under mid-load conditions, participants were required to remember four food items;
under high-load conditions, participants were required to remember 10 food items.
The number of items was set based on Miller’s (1956) finding of 7±2 items in WM.
We assumed that four items under mid-load conditions might exceed some
participants’ WM capacities; 10 items under high-load conditions should exceed
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most participants’ WM capacities. The accuracies of the participants’ recall
performances were recorded.

Assessment of WM capacity
Byrne & Bovair’s (1997) Operation Word Test was chosen to assess WM
capacity because it measures capacity by the number of words recalled which reflects
the WM load imposed by the secondary task (number of food items to be
remembered) in the current study. Referring to our experimental task design
mentioned, participants were required to maintain static information instead of
dynamic data. The static information refers to concrete information without any
updating detail, such as remembering a date or the venue of a meeting. Dynamic data
refer to updating details that might change rapidly with time, as the changing heart
rate of a patient in critical condition. Therefore, the results from other assessments
which measure concurrent processing (e.g. Recall N-back test (Dobbs & Rule, 1989)
and Updating Task (Miyake et al., 2000)) were not suitable for our study.

3.3.3 Experimental Procedures

The experiment was divided into two parts. Part 1 assessed one’s WM ability by
an Operation Word Test. A mental arithmetic question (e.g. 3x5-2=13) was presented
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with a word (e.g. tree) at a single time. Participants had to judge the arithmetic
operation and to remember the presented word. Six participants (3 participants with
the highest score and 3 participants with the lowest scores in the Operation Word
Test) were invited to participate in the error detection study on another day.

Part 2 assessed one’s ability in error detection under different WM loads.
Participants were asked to carry out the error detection task under two different WM
load conditions: mid-load and high-load. Both a delivery form and overall customer
order list were presented simultaneously; participants were asked to check whether
the information on the two records matched each other. If they found any mismatch,
they made a revision on the delivery form.

A demonstration was given by the experimenter at the beginning. Then
participants had to perform four practice trials to ensure that they understood the
procedures and the way to make corrections. Each participant was instructed to
verbalize their actions and thoughts (i.e. to read every thought that entered their mind
and every action they made out loud). At least two training sessions were provided.
Participants could move to the test trial if they were able to verbalize what they were
doing and thinking.
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In each test trial, participants were given a set of 16 customer orders without any
time limit. Before carrying out the primary task, participants were given a list of food
items to study, and they were told that they would need to recall the food items at the
end of each trial. Each participant had to perform two trials (i.e. 32 orders). The order
of trial presentation was counterbalanced.Video recording was used with participants’
permission, and protocols were transcribed for analysis.

3.3.4Results of the pilot study

Data from five individuals were used for the analysis. One participant was
excluded because he did not complete the experiment as instructed.

Frequency of rehearsal
The frequency of participants’ self-interrupted rehearsal was measured and is
shown in Figure 3. A self-interrupted rehearsal was defined as an interruption
initiated by person himself to recall food item (regardless of the number of items) or
just generally remind himself of the additional memory task. On average, participants
recalled 2.4 times under the mid-load and 4 times high-load conditions respectively.
LWMC recalled 1.83 times more than HWMC under the mid-load condition,
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whereas, under the high-load condition, LWMC recalled 4.47 times more compared
to HWMC.
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Figure 3: LWMC and HWMC’s rehearsal frequency under mid-load and high-load
conditions

Overall detection rate
The overall detection rate was 100% and 86.7% under mid-load and high-load
conditions respectively as shown in Figure 4. For the relatively low-capacity group,
the error detection was 100% and 83.3% under mid-load and high-load conditions
respectively, whereas for the relatively high-capacity group, the error detection was
100% and 91.7% under mid-load and high-load conditions respectively.
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Figure 4: LWMC and HWMC’s overall error detection rate under mid-load and
highload conditions

Timeshare for primary task and self-interruption
Participants’ time spent on the primary task and interruption were measured and
is shown in Figures 4 & 5. On average, participants spent 308.5 s on the primary task
and 48 s on self-interrupted rehearsal of to-be-remembered items under mid-load
conditions, whereas under high-load conditions, they spent 317.5 s on the primary
task and 71s on self-interrupted rehearsal of to-be-remembered items.
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Figure 5: LWMC and HWMC’s time
Figure 6: LWMC and HWMC’s time
spent on the primary task and additional spent on the primary task and additional
memory task under mid-load conditions memory task under high-load conditions

Recall position (interruption position) and resumption position
All HWMC recalled after complete checking of a delivery from; however,
LWMC recalled not only after complete checking of a delivery form but also recalled
when checking an individual customer’s record. All of them resumed at the position
that they self-interrupted themselves.

The number of information fields checked
Three elementary actions, ‘detected’, ‘omitted detection’ and ‘mismatch’, were
distinguished. An action was classified as ‘detected’ if participants were able to
detect an error field and make the corresponding correction. However, if participants
were unable to detect an error field because they omitted checking it then the action
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was classified as ‘omitted detection.’ If participants were able to check an error field
but failed to identify the mismatched information then the action was classified as
“mismatch’. Among 10 trials, there were a total of four undetected errors: one
omitted detection error and three mismatch errors.

Original
Protocol
“Total is 10.55,
no, it should be
105.5”
“Christopher…
51511511”

Categories

Explanation

Detected

Participant identified both field location (i.e. “Total”) and
mismatch information (i.e. “105.5” instead of “10.55”).

Omitted
detection

“Order record
303, Christian”

Mismatch

Error in the first field (i.e. “Order ID”) was not identified
because the participant omitted to check the Order ID and
started from the second field (i.e. “Name”) information
“Christopher”.
Participant identified the field location (i.e. order record) but
failed to identify the mismatched information (i.e.
“033” instead of “303”)

Table 1: Examples of categorization in terms of “detection”, “omitted detection” and
“mismatch”

3.3.5 Discussion of the pilot study

Although no statistical analyzes could be carried out on the results, a number of
current findings suggest that WM affect the self-interruption effect on error detection
performance. WM load affect individual’s self-interruption frequency; participants
rehearsed more frequent in higher WM loads compared to lower WM loads.
Individual difference in WM capacities contributing to the interruption differently;
participants with lower WM capacities were affected negatively by increased WM
loads; however, participants with higher WM capacities were unaffected.
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The findings also provided insights into understanding interruption management.
Firstly, participants rehearsed more frequently under high-load conditions compared
to mid-load conditions suggesting that individuals may self-interrupt more frequently
to rehearse if they are required to remember increased amounts of data. Secondly,
LWMC rehearsed morethan HWMC, which suggested that WM capacity may act as
a shield against WM load. The performance of primary tasks may not be affected
under higher WM loads if an individual has high WM capacity compared to those
with low WM capacity.

Besides, the results on the overall error detection, and time share between the
primary task and self-interruption contributed to the understanding of behavioural
patterns in detecting errors. HWMC spending less time on both the primary task and
self-interruption suggested that WM capacity contributed to the effectiveness and
efficiency of error checking and decreased frequency and length of self-interruption.
However, when WM is taken into account, the performance of error detection was
affected negatively in terms of poorer error detection rate and longer time on both
tasks.

The results of interruption position provide suggestions on self-interruption
management style. It is concluded that HWMC were more systematic than
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LWMC;they self-interrupted themselves only after complete checking of a single
trial. However, LWMC were relatively disorganized; they recalled not only after
completely checking a single trial but also while checking a single trial.

Finally, we can use the definitions of omitted detection error and mismatch error
to categorize the obtained undetected errors.

At a methodological level, the pilot study was only a small-scale study, and no
conclusive evidence can be drawn from it. However, predictions were generated in
relation to WM and self-interruption. In Study I, we modified the study to have more
data sets and a larger sample size.
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3.4Method of Study I

3.4.1 Participants
Sixty-two Lingnan University students (24 males and 38 females) participated in
this study. The research was approved by the Lingnan Ethics Committee and
informed consent was obtained from each of the participants. Each participant was
paid HKD80 for their participation.

3.4.2 Materials
The same materials were used as in the pilot study.

3.4.3 Experimental Procedures
Similar procedures were used as for the pilot study. However, the participants
were asked to carry out the error detection task first. There were three different WM
load conditions: no-load, mid-load and high-load, instead of two in the pilot study.
There were six trials in total, and each trial lasted for 5 minutes. The order of trial
presentation was also counterbalanced.

As a second part of the experiment, participants’ WM capacity was assessed by
the Operation Word Test.
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3.5Results of Study I

Data from 58 individuals were used for the analysis. Four participants were
excluded because they did not complete the experiment as instructed.

The mean error detection rates (EDRs) under no-load, mid-load, and high-load
conditions were 85.6% (SD = 13.5%), 81.5% (SD = 14.1%), and 80.7% (SD = 16.9%)
respectively.

A 3 (WM load: no-load, mid-load and high-load) x 2 (WM capacity: low and
high) mixed ANOVA was performed (Figure 6). The main effects of WM capacity
(F(1, 56) = .20, n.s) were not significant. However, the main effect of WM load was
significant (F(2, 112) = 3.33, p = .04). The interaction effect of WM load x capacity was
significant (F(2, 112) = 3.34, p = .05), and the effect size was small (partial η2 = .10).
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3.6Discussion of Study I

According to the results of pilot study, it is suggested that WM affect the selfinterruption effect on error detection performance. WM load affect individual’s selfinterruption frequency; participants rehearsed more frequent in higher WM loads
compared to lower WM loads. Individual difference in WM capacities contributing to
the interruption differently; participants with lower WM capacities were affected
negatively by increased WM loads; however, participants with higher WM capacities
were unaffected. These results help to interpret the role of self-interruption in error
detection by investigating the role of WM.

In Study I, the first finding, on the surface, suggests that the participants’ error
detection performances were affected by increasing WM load, which supports our
first prediction. When WM capacity is taken into account, the significant interaction
of WM load

capacity suggests that error detection performance was affected by the

different WM loads, but the effect depends on the participant’s capacity. This is
consistent with a recent finding that WM capacity predicts multitasking performance
(Colom, Martínez-Molina, Shih, & Santacreu, 2010; Drews & Musters, 2015).
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The obtained interaction effect provides partial support for our second and third
predictions. The result shows that LWMC performed as well as HWMC under noload or mid-load conditions. However, LWMCs’ performances dropped significantly
when there was high WM load while HWMCs’ performances remained unaffected.
This pattern of finding is consistent with the interaction effect of WM load
capacity on a procedural error (Colom et al.): LWMC were more likely to make the
error than HWMC under high WM demands.

Three predictions were supported by the results; the significant interaction effect
of WM load

capacity provides support to the multitasking perspective offered by

threaded cognition. According to our interpretation of threaded cognition in regard to
WM demand and capacity, the LWMC were less able to maintain the transient nature
of a problem state because they have a less augmented resource usage scheme (which
dictates that the least-recently processed thread should be executed first) than the
HWMC. Therefore, when under high WM load, LWMC compromise their
performance on the error detection task in order to provide enough cognitive
resources for the secondary task thread. HWMC, however, have a more flexible and
augmented resource usage scheme which allows them to have threads to be run
according to need rather than a rigid least-recently-processed-first schedule.
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Therefore, this augmented resource usage scheme might let the thread responsible for
rehearsal run less frequently than needed and leave more processing resources for the
error detection task. As a result, high WM capacity acted as protection against WM
load providing spare resources to maintain the problem state for primary task
processing.

According to our second prediction, LWMC should have had worse
performance under the mid-load conditions than the no-load conditions. Furthermore,
as with our third prediction, high-capacity participants should have had worse
performance under the high-load conditions when compared to both mid-load and
no-load conditions. However, the result did not show such detrimental effects. We
suggest two reasons to explain the contrary results: first, in relation to the second
prediction, the mid-load conditions might not be as demanding as intended, therefore
leaving the LWMC with enough cognitive resources to deal with the error detection
task. Second, in relation to the third prediction, it could be that HWMC have
developed memory strategies, such as chunking (Miller), to help with their secondary
task performance (e.g. mentally grouped items “bread”, “ham” and “egg” into “ham
& egg sandwich”). In threaded cognition terms, the chunking strategy might have
helped participants to augment their resource usage scheme further: as a result, the
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thread for rehearsing the secondary task item could run even less often than before,
leaving even more resources available for the primary task threads to be processed.
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CHAPTER 4 STUDY OF EXTERNAL INTERRUPTION (STUDY II)

More than half of interruptions are triggered by external factors. Existing
interruption research has suggested plenty of best interruption task types and
positions. In other words, the effect of interruption is the least disruptive. We
conceptualize problem state resource as a critical component in determining the
interruption effect, especially in error detection performance. Therefore, a controlled
experiment was set up to investigate the effects of interruption task types and
position on error detection performance.

4.1 Aims of the study

Study II primarily aimed to contribute to current interruption literature by
expanding the understanding of interruption task types and position on error
detection performance, especially on different undetectable error types (i.e. Mismatch:
inability to identify mismatched items; and Omitted Detection: omission to check
after resumption).

The first aim was to introduce a new classification of interruption task types by
adopting Rasmussen’s (1983) taxonomy of task performance (i.e. skilled-based, rule50

based and knowledge-based). Secondly, to interpret how interruption positions affect
the memory of an interrupted location, which is crucial to primary task resumption,
with new identified interruption positions (i.e. within-field and between fields).

4.2 Theoretical Formulation and hypotheses

In a typical error detection process which involves checking across two
materials, all information should be assessable in the external world. Therefore, no
problem state resource is used to maintain temporary information. However, when an
individual is being interrupted, it involves problem state resources to maintain
information such as interruption position and whether they have finished the
verification or not for later resumption. The resumption can be based on one’s
memory to retrieve the primary task’s problem state, which requires less effort; or
can be recreate a problem state from existing information to accomplish the primary
task.

The theory proposes that every resource including declarative, procedural and
problem state resources can only be used for an independent task at any one time (the
exclusivity principle), so if resources are shared by the primary task and interruption
perfectly, there will be no interference; however, if both tasks require the same
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resource, interference may occur which could hamper multitasking performance.
Procedural interference, such as a driving task combined with a memory recall task,
is the least disruptive. Problem state interference, such as a reading comprehension
task combined with a mental operation task, is much more disruptive than procedural
and declarative interference. More interference causes longer time for resumption
when switching back to the primary task from an interruption and poor maintenance
of the primary task problem state.

In the current study, we conceptualized as three interruption task types as skill
based and knowledge-based and spatial tasks. Skill-based task refers to unintentional,
automatic actions which involve less mental effort resulting in well-organized and
highly practised actions, such as a typical interruptive task (i.e. dialing a phone
number) in a driver study (Rasmussen, 1983, 1986). Knowledge-based task refers to
coping with an unfamiliar situation with stored rules and knowledge, such as reading
comprehension in Adamczyk and Bailey's interruption timing study (2004). Spatial
task refers to solving the problem with an individual spatial ability, such as cube
turning task (Ratwani & Trafton, 2008). In our interruption task type’s classification,
knowledge-based interruption tasks require the most mental resources including both
procedural, declarative and problem state resources whereas skill-based interruption
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tasks mostly rely on declarative resources and Spatial interruption rely on procedural
resources.

For interruption position, recent interruption research suggest that the effects of
interruption, such as mental demands and psychological distress, would be
minimized if the interruption is introduced at a point with lower mental workloads
(Adamczyk & Bailey, 2004; Ament, Cox, Blandford, & Brumby, 2013; Li, Blandford,
Cairns, & Young, 2008). In the current study, we identified two critical interruption
positions, they are a between fields interruption and within field interruption.
Referring to our primary error detection task, the result would be that an individual
omits to detect field content after an interruption.

Based on previous findings and interruption perspective offered by threaded
cognition, the following predictions are made:

Hypothesis 1Participants will have poorest error detection rate in Knowledge-based
interruption followed by Skilled-based interruption then Spatial interruption. This
prediction is based on the notion that problem state interference will occur in
knowledge-based interruption, between primary and secondary task, which is the
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most disruptive. Declarative interference would occur in Skill-based interruption, and
the procedure interference will occur in Spatial interruption that is the least disruptive.

Hypothesis 2 Participants will have poorest error detection rate in within-field
interruption compared to between-fields interruption followed by control condition.
This prediction is based on the notion that more interference would occur when
increased information are required to maintain in problem state resources.

Hypothesis 3 Participants will have longest resumption lag in Knowledge-based
interruption followed by Skilled-based interruption then Spatial interruption. This
prediction is based on the notion that the more the interference, the longer time it
takes to resume.

Hypothesis 4 Participants will have longer resumption lag in within-field interruption
compared to between-fields interruption. This prediction is based on problem state
need to be recalled after an interruption in within field interruption and need to be
reconstructed in between field interruption that the time for the recall is longer than
reconstruct.
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4.3 Method of Study II

4.3.1 Participants

Ninety students at Lingnan University participated in this study. The research
was approved by the Lingnan Ethics Committee and informed consent was obtained
from each of the participants. Each participant was paid HKD80 for their
participation.

4.3.2 Materials
Primary Task
The same fictional quality control task of food ordering was used as in Study I.
However, Study II was a computer-based design instead of paper-based as in Study I.
A screenshot of the primary task is shown in Figure 7. Similar to Study I, the overall
customer order list, and the delivery form were designed differently. The objective of
the task was to check all the information on a delivery form against the overall
customer order list. All the corrections should be made on the delivery form.
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Figure 7: Screenshot of the primary error detection task
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All information on the overall customer order list was presented to the
participants who had to select a customer from the overall customer order list.
However, the fields on the delivery form were covered by a grey box respectively.
Participants were required to select a delivery form to be verified by clicking an
Order ID on a customer list. Participants then had to click on the corresponding grey
box on the delivery form to uncover the information. Only one field would be
uncovered at any one time. The information was covered automatically when the
participant moved the mouse away. If participants identified any mismatched items,
they had to double click on the corresponding field on the delivery form and modify
the entry. Participants were instructed to tick the “confirm correct” box at the end of
each delivery form to indicate the accuracy.

Secondary Task
Three different secondary tasks were designed to investigate the effect of
interruption task types. They were a skill-based interruption, knowledge-based
interruption, and spatial interruption. Each interruption would switch on
automatically and last for 90 seconds. The full-screen pop-up design was used to
prevent unnoticed interruption and to stop every interaction with the primary task.
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The interruption would automatically switch off and resume to the primary task with
all fields covered (i.e. no external cues for primary task resumption).

1. Skill-based interruption: Transcribing task. A simple transcribing task, shown in
Figure 8, was chosen as the skill-based interruption. Participants listened to an
audio recording and transcribed the information. Twenty Chinese characters were
presented in an interruption and divided into five groups (i.e. each group had 4
Chinese characters). Each group were presented twice and lasted for 18 seconds.
Participants chose their preferred Chinese input method (e.g. Quick, Pinyin or
Writing pad).

2. Knowledge-based

interruption:

Listening

comprehension.

A

listening

comprehension task was chosen as the knowledge-based interruption.
Participants were required to answer three multiple choices questions, according
to the audio recording. Each recording was set at 60 seconds and participants had
an extra 30 seconds to answer the question based on the audio recording. The
design is shown in Figure 9 .
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Figure 8: Screenshot
of
skill-based
interruption
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Figure
9:
Screenshot
of
knowledge-based
interruption
3. Spatial
interruption:
Figure turning.
A figure turning
task was chosen
as

the

spatial

interruption.
Participants
were given three
solid forms in
each
interruption.
They were asked
to pick the one
with the same
form

but

a
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different position from three alternatives. The interface design was the same as
the knowledge-based
interruption.

Interruption position
Two interruption positions were identified; they were the between-fields
interruption and within-field interruption. For between-fields interruption, an
interruption was presented immediately after a grey box was clicked. In other words,
before the participants could see the information in the field, they had already
finished checking the accuracy of the previous field and the next checking did not
start yet. On the other hand, the within-field interruption was presented a second after
a grey box was clicked. Participants were able to see the information in the field.
However, they would not make any correction before an interruption was introduced.
Therefore, they were required to resume this interrupted field to continue checking
and correction.
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4.3.3 Experimental Procedures

A demonstration was given by the experimenter at the beginning on how to
check and correct information in the primary error detection task. Then participants
had to perform two practice trials with primary error detection alone to ensure that
they understood all the procedures and ways to make corrections. The interrupting
task was introduced to each participant according to their conditions. They were
required to perform another two practice trials with the primary task and interruption
together. Each interruption was automatically switched on and lasted for 90 seconds.
When time was up, the system would automatically switch off the interruption and
resume to the primary checking task with all information covered. Participants were
instructed to perform what they were performing just before the interruption.
Feedback was given immediately by the experimenters after each practice trial. In the
test phase, participants were instructed to check four overall customer order lists with
48 delivery forms. Each list consisted of 12 customers’ orders, and the error rate was
25% or 41.7% (i.e. either 3 error trials or 5 error trials). The presentation of the lists
was counterbalanced. There was a total of 12 interruptions (i.e. 6 between-fields
interruptions and 6 within-field interruptions). Eight interruptions were presented in
error trials, and the remaining four were presented in correct trials to minimize
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participants’ expectation of the interruption presentation. Participants were given a
1minute short break after the completion of each overall customer list.

4.4 Results of Study II

Error Detection Rate
Data from 90 individuals were used for the analysis. The EDRs in no
interruption conditions, between-fields interruption, and within-field interruption
were 91.53% (SD = 12.55%), 61.48% (SD = 27.78%), and 91.39% (SD = 13.60%)
respectively. Figure 10 shows the EDR for Skill-based, Knowledge-based and Spatial
interruption groups across three interruption positions.

A 3 (position: no-interruption, between-fields interruption, and within-field
interruption) x 3 (task types: Skill-based, Knowledge-base and Spatial Interruption)
mixed ANOVA was performed. The scores did not conform to the assumption of
sphericity, and Green-house-Geisser correction was used. The main effect of
interruption task types was not significant (F(2,

87)

= .95, ns). However, the main

effect of interruption position was significant (F (1.41, 122.96) = 83.33, p< .01), and the
effect size was medium (η2 = .49). The interaction effect of interruption position x
task types was not significant (F(2.83, 122.96) = 1.76, ns).
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Figure 10: EDR across three interruption positions for Skill-based, Knowledgebased and spatial interruption groups

Follow-up pairwise comparison with Bonferroni corrections on interruption
position showed that there were significant differences between no-interruption
conditions and between-fields interruption (t(89) = 9.62, p = .00), and within-field
interruption and between-fields interruption (t(89) = 9.68, p = .00). However, EDR did
not differ among the no-interruption conditions and within-field interruption (t(89)
= .09, p = n.s.).

Undetected Error types
The number of omitted detections and mismatches of Skill-based interruption,
Knowledge-based interruption and Spatial interruption group among three
interruption positions are presented in Figure 11.
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Figure 11: Mismatch and Omitted detection across three interruption positions

Omitted Detection
A 3 (position: no-interruption, between-fields interruption and within-field
interruption) x 3 (task types: Skill-based, Knowledge-base and Spatial Interruption)
mixed ANOVA was performed. The scores did not conform to the assumption of
sphericity, and Green-house-Geisser correction was used. The main effect of
interruption task types was not significant (F(2,

87)

= .78, ns). However, the main

effect of interruption position was significant (F (1.88, 163.89) = 9.50, p< .01), and the
effect size was small (η2 = .10). The interaction effect of interruption position x task
types was not significant (F(3.77, 163.89) = .47, ns).
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A follow-up paired-sample t-test with Bonferroni correction showed significant
differences among the three conditions. Participants had more omitted detection
errors under between-fields conditions compared to the control (t(89) = 3.41, p = .00)
and within-field conditions (t(89) = 3.75, p = .00).

Mismatch
A 3 (position: no-interruption, between-fields interruption, and within-field
interruption) x 3 (task types: Skill-based, Knowledge-base and Spatial Interruption)
mixed ANOVA was performed. The scores did not conform to the assumption of
sphericity, and Green-house-Geisser correction was used. The main effect of
interruption task types was not significant (F(2,

87)

= .81, ns). However, the main

effect of interruption position was significant (F (1.74, 150.93) = 19.04, p< .01), and the
effect size was medium (η2 = .18). The interaction effect of interruption position x
task types was not significant (F(3.47, 150.93) = 1.33, ns).

A follow-up paired-sample t-test with Bonferroni correction showed that
participants had less mismatch errors in the control compared to between-fields (t(89)
= -7.49, p = .00) and within-field conditions (t(89) = -3.56, p = .00).
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Overall Resumption Lag
The resumption lag in between fields interruption and within-field interruption
were 4.74s (SD = 1.69s) and 4.92s (SD = 2.05s) respectively. Figure 12 shows the
resumption lag for Skill-based, Knowledge-based and Spatial interruption groups
across three interruption positions.

A 2 (position: between-fields interruption and within-field interruption) x 3 (task
types: Skill-based, Knowledge-based and Spatial Interruption) mixed ANOVA was
performed. The main effect of interruption task types was significant (F(2, 87) = 5.39, p
< .01), and the effect size was medium (η2 = .11). However, the main effect of
interruption position was not significant (F (1, 87) = 1.53, ns). The interaction effect of
interruption position x task types was not significant (F(2, 87) = 1.06, ns).

A follow-up paired-sample t-test with Bonferroni correction showed significant
differences among the three conditions. Participants resumed faster in Knowledgebased interruption compared to Skill-based interruption (p <.05) and Spatial
interruption (p <0.1), whereas, there were no difference in resumption lag in Skillbased interruption and Spatial interruption (ns).
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Figure 12: Resumption Lag across three interruption positions

Resumption Lag for correct resumption
The resumption lag for correct resumption in between-fields interruption and
within-field interruption were 6.47s (SD = 2.35s) and 5.83s (SD = 2.01s) respectively.

A 2 (position: between-fields interruption and within-field interruption) x 3 (task
types: Skill-based, Knowledge-based and Spatial Interruption) mixed ANOVA was
performed. The main effect of interruption task types was not significant (F(2, 87)= .77,
ns). However, the main effect of interruption position was significant (F (1, 87) = 48.98,
p < .01), and the effect size was medium (η2 = .36). The interaction effect of
interruption position x task types was also significant (F(2, 87) = 3.32, p < .05), and the
effect size was small (η2 = .07).
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Resumption pattern
The resumption lag for correct resumption in between-fields interruption and withinfield interruption were 6.47s (SD = 2.35s) and 5.83s (SD= 2.01s) respectively. Figure
13 shows the resumption lag for Skill-based, Knowledge-based and Spatial
interruption groups across three interruption positions.

A 3 (Resumption pattern: check from beginning, resumed correctly and
disorganized) x 2 (position: between-fields interruption and within-field interruption)
x 3 (task types: Skill-based, Knowledge-based and Spatial Interruption) mixed
ANOVA was performed. The main effect of resumption pattern was significant (F(2,
174)

= 293.09, p < .01), and the effect size was large (η2 = .77).
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Figure 13: Resumption Lag for Skill-based, Knowledge-based and Spatial
interruption groups across three interruption positions.
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The interaction effect of resumption pattern x task types was significant (F (4,
174) = 3.74, p < .01), and the effect size was small (η2 = .08). The interaction effect
of resumption pattern x position was also significant (F (4, 174) = 40.07, p < .01),
and the effect size was medium (η2 = .32). However, the interaction effect of
resumption pattern x position x task types was not significant (F (4, 174) = .71, ns).

4.5 Discussion of Study II

The first findings, on the surface, suggests that participants’ error detection
performances were not affected by interruption task types which do not support our
hypothesis. The second finding suggested that error detection performance were
affected by interruption position: participants in knowledge-based interruption and
spatial interruption performed better than a skill-based interruption. When taken
undetected error types (both omission and mismatch) into account, similar results
were obtained in which there is the main effect of interruption position but no effect
in interruption task types.

The findings of resumption lag suggest that time for resumption was affected by
different interruption task types: participants resume faster in knowledge-based
interruption compared to knowledge-based interruption and spatial interruption.
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However, there was no significant difference in interruption position. When taking a
closer look to resumption lag of correct resumption, the results suggested that
resumption lag was not affected by interruption task types but interruption position:
participants resumed faster in between-field interruption compared to within-field
interruption. Only hypothesis 4 was partially supported by the results.

According to our interpretation of threaded cognition on interruption task types
and interruption position, participants should have poorest error detection rate and
slowest resumption in Knowledge-based interruption followed by Skilled-based
interruption then Spatial interruption because problem state interference will occur in
knowledge-based interruption that is the most disruptive; whereas declarative
interference occurred in Skill-based interruption, and the procedure interference
occurred in Spatial interruption are relatively less disruptive.

Participants were developed resumption strategy. Over 65% of resumption were
check from beginning (i.e. whenever a primary task is resumed, check the first items)
which may decrease one’s effort in the resumption. For skill-based interruption,
typing Chinese characters involved encoding Chinese characters and deposited,
which may increase one’s problem state that results in poor error detection and
resumption.
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CHAPTER 5 GENERAL DISCUSSION

5.1 General discussion

In the actual working field, the occurrence of self-interruption and external
interruption are equally high (Czerwinski et al., 2004) and neither of them would be
eliminated (Biron, Loiselle, & Lavoie-Tremblay, 2009; Tucker & Spear, 2006).
Therefore, it is critical to understand the effects both self-interruption and external
interruption on error detection in order to increase the overall checking performance.

Two studies on self-interruption and external interruption were conducted
using a simple error detection task and it is concluded the checking performance was
determined by the environmental factors but individual differences would act as a
shield to guard against the demands from the environmental factors. Although the
contributing factors (i.e. independent variables) are different among self-interruption
and external interruption. The variables are related in both self-interruption and
external interruption. In self-interruption, the notion of WM loads is related to the
interruption position and interruption task types in external interruption. Both of them
considered mental workload (in different forms) and studies were designed to
investigate how people were affected among different mental workloads. On the
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other hand, the WM capacity in self-interruption and resumption pattern in external
interruption are related to notion of adaption of different mental load task.

Results from both studies supported that mental demands were critical to
determined error detection performance. In self-interruption, the critical mental
resource is WM, whereas in external interruption, the critical mental resources in
problem state. Although the critical mental resources to determine the error detection
performance is difference, it is concluded increased mental workload would decrease
the error detection performance.

However, the individual differences affect the way to manage interruption
whichaffect the error checking performance under difference conditions. In selfinterruption, the main contributing factor is WM capacity, whereasthe main
contributing factor in external interruption is resumption pattern. It is concluded that
individual difference that can adapt with higher metal workloads or reduce mental
workloads by developing different strategies is beneficial to error checking
performance.
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5.2 Effects of self-interruption

WM load and individual differences in WM capacity are important factors in
error detection. The current finding suggests that WM load affect participants’
performance in error detection as supported by the significant main effect. Higher
WM loads, such as dual-task performance, affected one’s ability in detecting errors.
The second finding of this study suggests that participants with low WM capacity
performed as well as the high-capacity group under no-load conditions and mid-load
conditions. However, they differed under high-load conditions. The error detection
performance depended on an individual’s WM and the presented WM loads. If
people have to remind themselves with increased information (i.e. higher WM loads),
their performance on error detection will be more disruptive. However, an
individual’s WM capacity can act as a shield to guard against WM loads. We have
demonstrated that a person with higher WM capacity could memorize the to-beremembered items more and longer, which they are required to rehearse during
primary tasks less frequently. On the other hand, an individual with lower WM
memory requires more rehearsal to consolidate their memory. Therefore, they would
possibly self-interpret during the primary task to rehearse which affects their
performance on the primary task. Therefore, industries should consider WM load
when designing tasks, especially in safety-critical industries. The checklist is
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particularly useful to remind people what have been done and what should be done
next (Drews, 2013). As a result, tasks are modified with appropriate WM loading and
errors can be detected better.

As evidenced by the results of the experiments, participants were not affected by
lower WM loads, even during dual-task setting. Therefore, an individual would make
use of different strategies to minimize their information to-be-remembered, such as
making notes. Psychical cues, such as notes, can minimize the WM loads and
facilitate resumption (Trafton, Altmann & Brock, 2005). Thus, people do not need to
remind themselves that frequently during primary tasks which are beneficial to error
detection performance.

5.3 Effects of external interruption

Interruption position are the critical variables to determine the effects of external
interruption on error detection performance. The main finding of this study suggests
that when an individual see what is in a field before interruption (i.e. within-field
interruption), enhanced one’s ability to detect errors. Moreover, participants resumed
to primary task more accurately. The current finding is contradictory to existing
literature which argues that interruption during a sub-component is more disruptive
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(Hodgetts & Jones, 2005; Li et al., 2006). However, existing findings suggest that an
individual’s resumption pattern (i.e. check-from-beginning, efficient or disorganized)
affects the interruption effect. Results found that over 65% of resumption was
checkfrom-beginning. This resumption strategy helps them to resume faster (i.e. they
have to identify the first field only) and ensure that they did not miss any field
checking. Therefore, the error detection rate was not affected even in demanding
interruptions.

5.4Summary

One of the highlights of the current findings is that in situations where there is
difficulty or it is impractical to eliminate interruptions or multitasking activities, it is
important to be aware of the detrimental effect that WM and interruption position
when the accuracy of detecting errors is of primary concern. This has practical
implications task design in safety-critical tasks. Safety measures can be using
techniques such as NGOMSL (S. Lee & Koubek, 2011), task demands can be
assessed, and tasks can be decomposed into smaller components so that each sub-task
contains less WM load. Therefore, less WM load is imposed, per unit task, on LWHC
and they can multitask within their capacity limit. Our next step is to investigate the
role of cognitive strategies when dealing with high WM load. We believe that this
76

research will prove particularly useful in situations when design changes cannot be
made to the personnel selection process or the task at hand. These studies contribute
to the understanding of error detection performance by examining the roles of WM.
The results may help safety-critical industries to redesign the training for employees
to deal with overload tasks by highlighting the role of WM load in error detection.

5.5 Limitations and future directions

The study employed an experimental methodology as the main method of data
collection. Confounding variables, such as background noise, were controlled. The
practical limitation of recent results is their generalizability.

Firstly, for the validation study, the performance demonstrates a ceiling effect,
in which participants performed 100% correctly under mid-load conditions. This may
be due to the use of the think-aloud technique. Participants relied on their verbalized
speech as additional cues for cross-checking.

Second, the interruptions chosen in the external interruption study (i.e. Study III)
were a bit unrealistic. Although the interruptions fit the requirement of skill-based
and knowledge-based task design, participants may have paid extra attention to the
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study and developed a strategy to deal with the situation. The further direction should
focus on selecting realistic interruptions that fit the categories. An example of skillbased interruption can be Lee and Duffy’s (2015) sentence copying and example of
knowledge-based interruption can be Adamczyk and Bailey (2004) topic selection
task.

Finally, a potential concern about the current study is the excessive control
given by a laboratory investigation and the representativeness of the participants. In
these studies, the controlled design is inevitable to achieve the objectives. The
fundamental limitation of generalizability must be against. Also, all students came
from the same institution. However, participants were recruited from the online
system. Moreover, we tried to recruit participants from different disciplines, gender,
and years of study.

5.6 Conclusion

The thesis aims to provide an in-depth understanding of self-interruption and
external interruption, especially focusing on the effects on error detection
performance.
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First, we demonstrated that when people are interrupted by themselves or the
environment, their error detection performance is degraded to some extent. For selfinterruption, WM load and individual differences in WM capacity are critical factors
in error detection, whereas for the external interruption, interruption position and the
strategy of resumption contribute to determining error checking performance.

Specifically, a classification of different undetected error types is an attempt to
contribute to a deeper understanding of error detection as previous studies on error
detection have only suggested that slips are easier to detect than mistakes (Reason,
1990). The current prediction of detecting different error types allows for a finergrain analysis and opens up a new research direction in error detection.

It is concluded that not all interruptions have negative consequences and the
effect depends on the individual differences and interruption properties.
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